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EXPLORATORY STUDY OF OXIDATION-RESISTANT ALUMINIZED 
SLURRY COATINGS FOR IN 100 AND WI-52 SUPERALLOYS 
by James L. Smialek 
Lewis Research Center 

SUMMARY 

An investigation was made to study the feasibility of producing oxidation-resistant 
coatings for superalloys by slurry techniques. Lacquer slurries of nickel powder and 
an iron- 30- per cent- chromium powder mixture were sprayed on IN 100 and WI-52. 

These slurries were subsequently pressed, sintered, and pack aluminized to form 
(1) nickel-aluminide (NiAl) and (2) iron-aluminide (FeAl) plus iron- chromium-aluminum 
(Fe-Cr-Al) coatings. 

These four systems were oxidized in static air at 1093° C for 300 hr. The test 
results included weight change data, metallography, and X-ray diffraction analyses. 

The oxidation resistance of the NiAl aluminized slurry coatings compared well with 
that of commercial aluminide coatings on both IN 100 and WI-52 superalloys. The 
slurry coatings remained intact after 300 hr of cyclic furnace testing at 1093° C. The 
NiAl aluminized slurry coating on IN 100 also survived burner rig testing for 300 hr at 
1093° C. 

The performance of the FeAl plus Fe-Cr-Al aluminized slurry coating on IN 100 
compared well to an iron -chromium -aluminum -yttrium (Fe-Cr-Al-Y) cladding of similar 
thickness on IN 100, but the slurry coating was converted by interdiffusion to a Ni-base 
material during the 300 hr of testing at 1093° C. The FeAl plus Fe-Cr-Al aluminized 
slurry coating on WI-52 was inferior to an Fe-Cr-Al-Y cladding of similar thickness on 
WI-52. In 300 hr this slurry coating was obviously degraded by oxidation at 1093° C. 


INTRODUCTION 

Advanced gas turbine engines for some military and commercial aircraft will re- 
quire metal temperatures in excess of 980° C in order to increase operating efficiency. 
The nickel- and cobalt-base superalloys used as blades and vanes in these engines must 
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be coated to resist oxidation and to extend their useful lifetime when used at such high 
temperatures. Aluminide diffusion coatings are most commonly used to protect super- 
alloys in current engines. By interdiffusion with aluminum, the superalloy surfaces are 
converted to complex nickel or cobalt aluminides. These coatings are presently used 
for thousands of hours at temperatures below 980° C, but must be improved for exten- 
sive use at higher temperatures. 

Controlled composition modifications of aluminide coatings is one approach to in- 
creasing their oxidation resistance. For example, diffusion-inhibiting oxides (ref. 1) 
and aluminum-rich phases added to the coatings may increase their time of protection. 
However, it is extremely difficult to control the types, compositions, and amounts of 
coating phases by using conventional pack cementation coating techniques. Also, the 
coating phases produced by such processes are often limited to those whose composi- 
tions are inherently related to substrate chemistry. Development of more versatile 
coating processes which can deposit a controlled number and distribution of coating 
phases is needed. One successful laboratory approach to providing improved oxidation 
resistance has been the pressure bonding of 0. 127-mm oxidation-resistant metal clads 
to superalloys (ref. 2). Both iron-chromium-aluminum-yttrium (Fe-Cr-Al-Y) and 
nickel- chromium-aluminum (Ni-Cr-Al) clads offered protection for the cobalt-base 
alloy WI-52, and a Ni-Cr-Al clad offered protection for the nickel-base alloy IN 100 at 
1093° C in static air. Other oxidation- resistant materials not easily fabricated into 
thin sheet cannot be used as claddings. However, coating application of oxidation- 
resistant compositions by slurry techniques offers promise because the desired coating 
additions can be made easily by powder additions to the slurry before application. 

The purpose of this investigation was twofold: (1) to determine the feasibility of 
depositing simple 0. 05- to 0. 10-mm oxidation-resistant coatings on nickel- and cobalt- 
base superalloys using slurry techniques, and (2) to evaluate the oxidation resistance of 
the slurry- coated materials in comparison to that of similar coatings produced by clad- 
ding or pack cementation techniques. Two coatings, (1) nickel- aluminide (NiAl) and 
(2) iron-aluminide (FeAl) plus Fe-Cr-Al, were applied to IN 100 and to WI-52 by a 
duplex slurry-sinter and pack aluminizing process. The four systems were oxidized in 
1093° C cyclic furnace tests for 300 hr. Nickel-aluminide-coated IN 100 was also tested 
in a Mach 1 burner rig at 1093° C for 300 hr. The processing and oxidation resistance 
of the aluminized slurry coatings were evaluated by metallographic. X-ray diffraction, 
and gravimetric analyses. 
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EXPERIMENTAL PROCEDURE 


Materials and Specimen Preparation 

A nickel slurry was made by mixing carbonyl nickel powder (3 jum average diam- 
eter) with nitrocellulose lacquer. A 70Fe-30Cr powder mixture slurry was made by 
mixing carbonyl iron powder (10 iim average diameter) and electrolytic chromium pow- 
der (-325 mesh) with nitrocellulose lacquer. (All compositions are in weight percent. ) 
The substrate materials coated were nickel-base IN 100 and cobalt-base WI-52 super- 
alloys. Nominal IN 100 composition was nickel - 15 cobalt - 10 chromium - 3 molyb- 
denum -5.5 aluminum - 4. 7 titanium - 0. 18 carbon (Ni-15Co-10Cr-3Mo-5. 5A1-4. 7Ti- 
0. 18C); nominal WI-52 composition was cobalt - 21 chromium - 11 tungsten - 2 colum- 
bium - 2 iron - 0.45 carbon (Co-21Cr-llW-2Cb-2Fe-0. 45C). The specimens were 
0. 25- by 2. 54- by 5. 08-cm castings. 

The specimens were prepared for coating by ball milling with alumina followed by 
ultrasonic cleaning in trichloroethylene. The Ni and Fe-Cr slurries were then sprayed 
onto these specimens by a conventional paint-spray gun. The slurry-coated specimens 
were air dried and vacuum sealed in a plastic bag. The bagged specimens were cold 
isostatically pressed at 482 MN/m (70 000 psi) to improve the density of the green 
coating. The sprayed specimens were then sintered in a 0. 010-torr (10-jum-Hg) vac- 
uum at 1093° C for 4 hr. 

Q 

Pack aluminizing of the sintered coating was performed in flowing argon (500 cm / 
min) at 1093° C in a pack of 98 percent aluminum oxide (-100 mesh powder), 1 percent 
A1 (-100 mesh powder), and 1 percent sodium chloride activator. The Ni-coated speci- 

n 

mens were aluminized for 18 hours so as to add 13 mg/cm aluminum and to convert 
only the nickel slurry to the NiAl intermetallic compound. The Fe-Cr-coated specimens 
were pack aluminized for 9 hr to add 10 mg/cm aluminum in order to produce an aver- 
age coating composition of Fe-25Cr-20Al. However, since the aluminizing process is 
diffusion controlled, there is an aluminum concentration gradient from the as- coated 
surface to the substrate interface. 

Originally aluminum was incorporated as an elemental powder in the slurry, but 
this hindered the sintering and densification of the coating. By pack aluminizing in a 
second step, good sintering of the slurry coating was allowed. An additional advantage 
to this two-step procedure was that pack aluminizing removed voids which remained in 
the coating after sintering. 
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Cyclic Oxidation Testing 


Furnace tests . - Furnace oxidation tests were performed at 1093°±5° C for 15 
cycles of 20 hr dimation each (300 hr total). Each specimen rested on a high-pimity 
alumina boat, and each boat was placed in its own horizontal alumina tube of a multitube 

Q 

furnace. Air flowed through these tubes at a rate of about 500 cm /min. After each 

cycle the specimens were removed from the furnace and weighed to the nearest 0. 1 mg. 

Any loose oxide was then brushed off, and the specimens were weighed again to obtain 

an indication of the amount of weakly adherent oxide scale. 

Burner rig tests . - A NASA burner rig test bar of IN 100 was slurry coated with 

nickel and pack aluminized in the same way as were the furnace test specimens. The 

burner bar configuration was 0. 64 by 2. 54 by 10. 16 cm and had a tapered leading edge 

(ref. 8). The specimen was mounted on the edge of a turntable rotating at 900 rpm, and 

it was exposed to a Mach 1 stream of natural gas combustion products (fuel-air ratio, 

1/30) at 1093°±8° C (ref. 3). High-temperature exposures were 1 hr each, followed by 

air jet cooling to 93° C. Every 20 cycles the specimen was removed and weighed to the 

nearest 0. 1 mg. After 300 hr of exposure the test was stopped and the specimen was 

2 

analyzed. The maximum hot zone area was estimated to be 30 cm (ref. 3). Thus, by 

2 

dividing the weight changes by 30 cm , the burner rig test data could be roughly com- 
pared to gravimetric furnace oxidation data. 


Evaluation Techniques 

X-ray diffractometer scans of the as-sintered, as-aluminized, and as-oxidized 
coating surfaces were obtained on the furnace test specimens. Debye-Scherrer X-ray 
diffraction powder patterns were obtained from oxide scrapings of the burner bar. 
Copper-Ka radiation was used with a nickel filter for these X-ray diffraction analyses. 
Metallographic analyses of cross sections of the as-sintered, as-aluminized, and as- 
oxidized specimens were also obtained. 

All polished IN 100 metallographic specimens were etched electrolytically at 3V 

3 3 3 

in an electrolyte of 50 cm of glycerine, 20 cm of water, 30 cm of hydrochloric acid, 

O O 

10 cm of nitric acid, and 1 cm of hydrofluoric acid. All the WI-52 specimens were 

3 

first etched electrolytically at 3V in an electrol 3 de of 70 cm of 5 percent sulfuric acid 

q 

and 30 cm of water and boric acid (saturated). They were then immersion etched in a 
3 3 3 8 

solution of 33 cm of acetic acid, 33 cm of nitric acid, 33 cm of water, and 1 cm of 

hydrofluoric acid. 
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RESULTS AND DISCUSSION 


Coating thicknesses and phases for as-sintered, as -aluminized, and as-oxidized 
specimens are summarized in table I. These data will be discussed in the following 
paragraphs. 


Aluminized Nickel Coatings 

Sintered coatings . - Pressing and sintering of the nickel slurries resulted in rela- 
tively dense, adherent nickel coatings on IN 100 and WI-52. Microstructures of the 
cross sections are shown in figure 1. Approximately 0. 04 to 0. 05 mm of 90 percent 
dense nickel coating was deposited on both substrates. (Coating densities were approx- 
imated visually from the photomicrographs. Coating thicknesses were measured from 
the photomicrographs. ) A diffusion layer greater than 0. 030 mm was formed in both 
cases where the strengthening phases in the substrates were dissolved. The only sur- 
face phase shown by X-ray diffraction was face-centered-cubic (fee) y-Ni solid solution. 

Aluminized coatings . - Pack aluminizing of the nickel coatings resulted in a NiAl 
coating on both IN 100 and WI-52. These aluminized nickel coatings are shown in fig- 
ure 2. The outer aluminide phase on IN 100 was about 0. 052 mm thick, followed by a 
0. 040 mm two-phase region. The outer aluminide phase on WI-52 was 0. 088 mm thick, 
followed by 0. 024 mm of two-phase region plus depleted zone. Almost all porosity was 
removed by the aluminizing process. The dark and light etching layers in the NiAl 
coating correspond to high and low aluminum concentrations, respectively (ref. 4). 
X-ray diffractometer scans of the coating surfaces identified /3'-NiAl as the only phase 
on both coated IN 100 and coated WI-52. 

Oxidized coatings . - After 300 hr of cyclic furnace oxidation at 1093*^ C the NiAl- 
slurry-coated IN 100 and WI-52 performed as well as the commercial pack aluminide 
coatings on the same superalloys. Cyclic oxidation weight change data for these NiAl 
aluminized slurry coatings are shown in figure 3 . Data for widely used commercial 
aluminide conversion coatings on IN 100 (unpublished data obtained by M. A. Gedwill, 
NASA Lewis Research Center) and WI-52 (ref. 5) are also presented. 

As evidenced by the small, steadily increasing weight gains in figure 3 (a), the NiAl 
slvmry coating on IN 100 provided oxidation protection for the full 300 hr of testing. The 
plateau region of the weight change curve indicated that a slow- growing, nonspalling 
oxide film had formed on the coating. No spalling was observed visually, and at each 
weighing there was no appreciable oxide spall brushed off. The total weight gain of only 
0. 5 mg/cm suggested that only a small amount of coating had been consumed by oxida- 
tion. 
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A polished cross section of this oxidized specimen is shown in fig^ure 4(a). No con- 
tinuous oxide scale was observed in the photomicrographs of this and the other oxidized 
coatings of this study. This is common for highly oxidation- resistant coatings, probably 
since only a very thin layer of scale is present. The outer layer of NiAl increased in 
thickness from 0. 052 to 0. 068 mm, and the diffusion zone increased from 0. 040 to 
0. 060 mm (see table I). The striated structure in the coating was typical of the NiAl 
martensite phase which has been recently identified in oxidized NiAl coatings at this lab- 
oratory (ref. 6). An X-ray diffractometer scan of this coating surface identified the 
Q!-Al20g and NiAl martensite phases (ref. 7). It is interesting to note that none of the 
carbide phases usually seen beneath an aluminide conversion coating on a nickel super- 
alloy were observed metallographically. This would be expected in contrast to normal 
conversion coatings, since no nickel was required to diffuse outward from the substrate 
to form the surface aluminide and leave a heavy concentration of carbide-forming alloy- 
ing elements. 

The NiAl aluminized slurry coating on WI-52, however, was not as protective as on 

O 

IN 100. Weight gain data in figure 3(b) show that a weight loss of 1. 5 mg/cm resulted 

after 300 hr at 1093° C. The specimen weight before and after brushing off the loose 

surface oxide is shown by the top and bottom, respectively, of the data bars. An aver- 
2 

age of 0. 5 mg/cm of oxide was brushed off after each cycle. The weight gain curve for 
slurry- coated WI-52 was very similar to that for a widely used commercial aluminide 
conversion coating on WI-52 tested at 1093° C. 

The microstructure of the oxidized slurry coating on WI-52 is shown in figure 4(b). 
Again striations were present in the coating which indicated that martensite had formed 
in the NiAl coating. The thickness of this NiAl phase, though, had decreased from 0. 088 
to 0. 028 mm. Also it appeared that oxides were formed up to 0. 064 mm beneath the 
coating. Metallography of the commercially aluminized WI-52, however, showed that 
coating to have been completely consumed after only 200 hr at 1093° C (ref. 5). Thus, 
the NiAl coating was more protective than the CoAl coating which forms naturally when 
WI-52 is aluminized. An X-ray diffractometer scan of the oxidized slurry coating sur- 
face identified the o!-Al202 and spinel (lattice parameter a^ = 8. 16x10"^^ m; 8. 16 A; 
probably nickel aluminate (NiAl20^)) oxides. The metallic coating surface phases iden- 
tified after oxidation were fee y-Ni solid solution and/or y'-NigAl. An X-ray diffractom- 
eter scan was obtained after 0. 025 mm of the surface was groimd off and the diffraction 
pattern for NiAl martensite was identified. 


Aluminized Iron-Chromium Coatings 

Sintered coatings . - Sintering of pressed Fe-30Cr powder mixture slurries resulted 
in adherent, slightly porous iron- chromium coatings on IN 100 and WI-52. Microstruc- 
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tures of the as-sintered coatings are shown in figure 5. As determined from the photo- 
micrographs, the coatings were from 0. 064 to 0. 089 mm thick and were approximately 
75 percent dense. X-ray diffractometer scans of the coating surfaces identified the 
body-centered cubic (bcc) o!-Fe(Cr) phase(s) on both substrates. 

Aluminized coatings . - Pack aluminizing of the sintered coatings resulted in dense 
FeAl plus Fe-Cr-Al coatings on both IN 100 and WI-52. The microstructures of these 
aluminized coatings are shown in figure 6. The aluminized coatings were about 0. 10 mm 
thick (see table I). X-ray diffractometer scans of the coating surfaces identified the 
ordered intermetallic compound. An X-ray diffractometer scan was also ob- 

tained after 0. 05 mm was ground off the coatings. Here a bcc phase, presumably 
Fe-Cr-Al solid solution, was identified for both substrates. On WI-52, Cr 23 Cg was 
also identified. The dispersed phase in the coating on IN 100 was not identified. 

Oxidized coatings . - Cyclic furnace oxidation tests at 1093° C showed that the oxida- 
tion resistance of the 0. 10-mm FeAl plus Fe-Cr-Al aluminized slurry coatings on IN 100 
and WI-52 were comparable to 0. 127-mm Fe-25Cr-4Al-lY clads on the same superalloys. 
Weight gain data for the aluminized slurry coatings and the clads (ref. 2) are shown in 
figure 7. 

From the weight gain curves in figure 7(a) the aluminized slurry coating on IN 100 
gained only 1. 3 mg/cm^ in the initial 200 hr of testing, whereas the clad specimen 
gained 3. 4 mg/cm . No appreciable loose oxide brushed off the slurry coating until 
after 200 hr, as shown by the data bars. However, after 200 hr the slurry-coated spec- 
imen began to lose weight and continued to do so until the test was stopped at 300 hr. 
(Testing of the cladding was stopped at 200 hr. ) 

The microstructure of the oxidized slurry-coated IN 100 is shown in figure 8(a). No 
oxidation of the substrate had occurred, but the diffusion zone had increased from 0. 02 
to 0. 15 mm. An X-ray diffractometer scan of the oxide surface identified a'-Al20g and 
a complex spinel (a^ = 8. 22x10” ^®m; 8. 22 A). Face-centered cubic y-Ni solid solution 
and/or y'-NigAl was identified as the major coating phase. This indicated that the bcc 
)32-FeAl and the bcc a -Fe-Cr-Al phase had been converted to the fee Ni phase (s) by 
extensive interdiffusion with the substrate. Another X-ray diffractometer scan of the 
coating surface was obtained after this fee light-etching phase had been ground off. The 
dark etching layer was identified as an ordered cesium chloride (CsCl) type bcc phase, 
presumably NiAl and FeAl. A weaker pattern for a metal-carbide phase, probably TiC, 
was also observed. 

From the weight gain curves of figure 7(b) the 0. 100- mm FeAl plus Fe-Cr-Al slurry 
coating on WI-52 was not as protective as the 0. 127-mm Fe-25Cr-4Al-lY cladding on 
WI-52 (ref. 2). After 240 hr the slurry-coated specimen began to lose weight very 
rapidly, and the amount of oxide brushed off (data bars) became considerable. 
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The microstructure of the oxidized slurry coating in figure 8(b) shows that void 
formation and internal oxidation were prevalent. An X-ray diffraction scan of the oxi- 
dized surface identified a complex spinel (a^ = 8. 34X10”^^ m; 8. 34 A), and 

chromium oxide (Cr20g). The fee y-Co solid solution phase was the only metallic phase 
observed by X-ray diffraction. Similar to the FeAl plus Fe-Cr-Al slurry- coated IN 100, 
this indicated that the bcc FeAl plus Fe-Cr-Al phases had been converted to the fee Co 
phase by extensive interdiffusion with the substrate. Thus, the FeAl plus Fe-Cr-Al 
aluminized slurry coating on WI-52 was not very protective; much oxide spalling and 
coating degradation had occurred after 300 hr at 1093*^ C. 

High-Velocity Burner Rig Testing of Nickel-Aluminide-SIurry-Coated IN 100 

From the results of cyclic furnace oxidation tests of the four systems, NiAl- slurry- 
coated IN 100 was the system with the best oxidation resistance. This system was 
therefore given a preliminary test imder the more severe conditions in the Mach 1 bur- 
ner rig at 1093*^ C. From weight gains and metallography this NiAl coating was shown 
to be protective in high-velocity testing also. 

The burner rig weight gain data for the NiAl slurry coating and for a very protective 

commercial aluminide conversion coating (unpublished data obtained from M. A. Gedwill, 

NASA Lewis Research Center) are compared in figure 9. The aluminized slurry coating 

curve exhibited a plateau at 20 mg and gradually increased to only 30 mg. Because the 

specimen area at 1093*^ C was approximately 30 cm^, the specific weight gain was less 
2 

than 1 mg/cm after 300 hr of testing. This was as good or better than the performance 
of the commercial aluminide coating, which showed a distinct weight loss after 260 hr. 

The appearance of the specimen surface after 300 hr of testing is shown in figure 10. 

The overall surface was gray, and scrapings from these areas were identified by X-ray 

diffraction powder patterns to be Q!-Al202. The areas marked Aj^ and A 2 were light 

blue in color, and the oxide scrapings here were identified by X-ray diffraction powder 

— 1 0 

patterns to be 0 !-Al 2 Og plus a spinel (a^ = 8. 05x10 m; 8. 05 A; probably NiAl20^). 

At B the coating on the trailing edge blistered. Oxides here were identified as nickel 
oxide (NiO) plus a complex spinel (a^ = 8. 20^10"^^ m; 8. 20 A). Except for this blister 
and some small spot failures believed to be caused by nonuniform processing, the spec- 
imen and coating were intact. The commercial aluminide coating was only slightly de- 
graded by oxidation, but a thermal fatigue crack first observed after only 120 hours (or 
cycles) had propagated through about one-quarter of the width of the specimen after 
300 hr. The absence of thermal fatigue cracks in the slurry-coated IN 100 bar suggests 
that it is a more desirable system. 
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The microstructure of the leading edge of the slurry- coated burner bar is shown in 
figure 11. From a starting thickness of 0. 113 mm (4. 5 mils), approximately 0. 120 mm 
of the protective NiAl phase remained, as evidenced by the striated NiAl martensite 
grains. The lightly etched phase on the outer surface of the NiAl grains was identified 
by an X-ray diffractometer scan to be fee y-Ni and/or y’-NigAl. In general, the NiAl 
sltirry coating was shown to be intact after 300 hr of high-velocity testing at 1093° C 
and appeared to have considerable useful life remaining. 


SUMMARY OF RESULTS 

A two-step slurry plus pack aluminizing process was developed as a versatile way 
of depositing oxidation- resistant coatings on nickel- and cobalt-base superalloys. Slur- 
ries of nickel powder and of a mixture of iron and chromium powders were successfully 
sintered and subsequently pack aluminized on IN 100 and WI-52. The resulting coatings 
of both (1) nickel-aluminide and (2) iron-aluminide plus iron- chromium- aluminum on 
both IN 100 and WI-52 were 100 percent dense and were 0. 05 to 0. 10 mm thick. All 
coated specimens were furnace oxidation tested at 1093° C. Nickel-aluminide coated 
IN 100 was also tested in the NASA Mach 1 burner rig at 1093° C. Oxidation testing of 
the slurry coatings showed the following: 

1. Nickel-aluminide slurry-coated IN 100 was at least as oxidation resistant as com- 
mercially aluminized IN 100 in both furnace and burner rig testing at 1093° C. After 
300 hr in either test the original aluminized slurry coating remained intact and was 
capable of providing further protection. Thermal fatigue cracks were observed in the 
burner rig testing of the commercial aluminide coating but not in the aluminized slurry 
coating. 

2. Nickel-aluminide slurry- coated WI-52 compared well with commercially alumi- 
nized WI-52 in furnace tests at 1093° C. Approximately 0. 028 mm of the original 

0. 088-mm nickel-aluminide phase remained in the slurry coating after 300 hr of testing, 
while no aluminide layer remained in the commercial aluminide after 200 hr of testing. 

3. Iron-aluminide plus iron- chromium- aluminum slurry-coated IN 100 compared 
well with iron - 25 chromium - 4 aluminum - 1 yttrium clad IN 100 for 200 hr of furnace 
testing at 1093° C. After 300 hr, however, the original slurry coating had been con- 
verted by interdiffusion to a nickel-base material. 

4. Iron-aluminide plus iron-chromium-aluminum slurry-coated WI-52 was the least 
protective of the foiir systems studied. Very little coating remained after 300 hr at 
1093° C, and much oxide spalling was observed. 

This study showed that oxidation- resistant coatings could be produced using slurry 
techniques and that the compositions of these coatings depended only slightly on the 
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substrate composition. In addition to this advantage, slurry techniques also offer the 
versatility of adding potentially beneficial alloying elements, oxides, or intermetallic 
compounds to the coating structure. 

Lewis Research Center, 

National Aeronautics and Space Administration, 

Cleveland, Ohio, February 23, 1971, 

129-03. 


REFERENCES 

1. Levinstein, M. A. ; and Stanley, J. R. ; Improved Aluminide Coatings for Nickel- 

Base Alloys. Presented at the 17th Refractory Composites Working Group Meet- 
ing, June 1970. 

2. Gedwill, Michael A. : An Evaluation of Three Oxidation-Resistant Alloy Claddings for 

IN 100 and WI 52 Superalloys. NASA TN D-5483, 1969. 

3. Johnston, James R. ; and Ashbrook, Richard L. : Oxidation and Thermal Fatigue 

Cracking of Nickel- and Cobalt-Base Alloys in a High Velocity Gas Stream. NASA 
TN D-5376, 1969. 

4. Goward, G. W. : Current Research on the Surface Protection of Superalloys for Gas 

Turbine Engines. J. Metals, vol. 22, no. 10, Oct. 1970, pp. 31-39. 

5. Grisaffe, Salvatore J. ; Deadmore, Daniel L. ; and Sanders, William A. : Furnace 

and High-Velocity Oxidation of Aluminide -Coated Cobalt Superalloy WI-52. NASA 
TN D-5834, 1970. 

6. Smialek, J. L. : Martensite in NiAl Oxidation-Resistant Coatings. Met. Trans., 

vol. 2, no. 3, Mar. 1971, p. 913. 

7. Rosen, S. ; and Goebel, J. A. : The Crystal Structure of Nickel-Rich NiAl and Mar- 

tensitic NiAl. Trans. AIME, vol. 242, no. 4, Apr. 1968, pp. 722-724. 



TABLE I. - SUMMARY OF X-RAY DIFFRACTION AND METALLOGRAPHY DATA 


Coating system 

As-sintered 

As -aluminized As- oxidized 

Surface 

phases 

Thickness, ^ mm 

Surface phases 

Thickness,^ mm 

Surface phases 

Thicknes 

s, ^ mm 

Coating 

Diffusion 

zone 

Coating 

Diffusion 

zone 

Aluminide 

coating 

Diffusion 

zone 

NiAl 

on IN 100 

Ni*^ 

0.040 

0.040 

NiAl 

0.052 

0. 040 AlgOg 0. 068 

NiAl (martensite) 

0.060 

NiAI 
on WI-52 

Ni*^ 

0.044 

0.028 

NiAl 

0.088 

0.024 

A1«0« 

Spinel (a^ = 8. 16x10 m; 8. 16 A) 

Ni^ or Ni^Al 
NiAl (martensite) 

0.028 

0.028 

Fe-Cr-Al 
on IN 100 

Fe-Cr 

0.076 


FeAl 

Fe-Cr-Al'’’*’ 

0.100 

0.016 

AlgOg 

Spinel = 8. 22x10'^° m; 8. 22 A) 

Ni'’ or NigAl 
NiAl or FeAl 

0.040 

0.152 

Fe-Cr-Al 
on WI-52 

Fe-Cr'’’ 

0.064 

0.036 

FeAl 

Fe-Cr-Al'’’*’ 

0.100 


AUO. 

Spinel (a^ = 8.34x10 ■**’ m; 8. 34 A) 

Cf2°3 

Co 

Consumed by 
oxidation 

NiAl 

on IN 100 
burner bar 





0.113 

0.030 

AUO. 

Spinel (a^ = 8. 05x10 ■**’ m; 8. 05 A) 
Ni'’ or NigAl 

0.120 

0. 040 






^Determined from photomicrographs. 

Solid solution. 

^Observed bcc X-ray diffraction pattern applies for a -phase Fe, Cr, Fe-Cr, and Fe-Cr-Al solid solutions. 
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(a) IN 100. 



(W WI-52. 

Figure 2. - Aluminized nickel slurry coatings on IN 100 and WI-52. Etched; X250. 
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(b) WI'52. 

Figure 3, - Comparison of cyclic furnace oxidation behavior of NiA! slurry coating and 
commercial aluminide coating on IN 100 and WI-52. Tested at 1093° C in 20-hr cycles. 
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(b) WI-52. 

Figure 4. - Oxidized NiA! slurry coatings on IN 100 and WI-52; tested at 1093° C for 300 hr in 
20-hr cycles. Etched; X250. 





















Depleted coating 

(fee Ni or Ni3Al) 










Weight change, AW, mg 


DO 

O 




2 


A 


\ 

\ 


B 



■5(1, 1 I — — ' 

0 100 200 300 

Exposure time, hr 

Figure 9. - Comparison of oxidation behavior in Mach 1 burner rig tests of NiAl aluminized slurry coat- 
ting and commercial aluminide coating on IN 100. Tested at 1093° C in 1-hr cycles. 






Figure 10. - NiAl slurry-coated IN 100 
burner rig specimen tested at 1093° C 
for 300 hr in 1-hr cycles. Light areas 
at A^ and ^2 identified as a-Al 203 plus 

spinel Op • 8.05xl0'*0 m; 8.05 Al; blis- 

ter at B identified as NiO plus spinel 
(a„-8.20xl0’^0 m; 8.20 A). 




Figure 11, - NiAl slurry-coated burner rig specimen tested at (1093° C) for 300 hr in 1-hr cycles. 
Leading edge; etched; X250. 


NASA-Langley, 197 1 17 £ - 6 1 2 5 


21 



National Aeronautics and Space Administration 
Washington, D. C. 20546 


OFFICIAL BUSINESS 

PENALTY FOR PRIVATE USE $300 


FIRST CLASS MAIL 


POSTAGE AND FEES PAID 
NATIONAL AERONAUTICS AND 
SPACE ADMINISTRATION 


lOU 001 42 51 3DS 71118 00903 

AIR FORCE WEAPONS LABORATORY /WLOL/ 
KIRTLAND AFB, NEW MEXICO 87117 


ATT E. LOU BOWMAN* CHIEF*TECH. LIBRARY 


POSTMASTER: 


If Undeliverable (Section 158 
Postal Manual) Do Not Return 


'‘The aerona/ztical and space activities of the United States shall be 
conducted so as to contribute ... to the expansion of human knowl- 
edge of phenomena in the at)}iosphere and space. The Adyn mi strati on 
shall provide for the widest practicable and appropriate dissemination 
of information concerni?tg its activities and the results thereof.” 

— National Aeronautics and Space Act of 1958 


NASA SCIENTIFIC AND TECHNICAL PUBLICATIONS 

TECHNICAL REPORTS: Scientific and 
technical information considered important, 
complete, and a lasting contribution to existing 
knowledge. 

TECHNICAL NOTES: Information less broad 
in scope but nevertheless of importance as a 
contribution to existing knowledge. 

TECHNICAL MEMORANDUMS: 

Information receiving limited distribution 
because of preliminary data, security classifica- 
tion, or other reasons. 

CONTRACTOR REPORTS: Scientific and 
technical information generated under a NASA 
contract or grant and considered an important 
contribution to existing, knowledge. 

Details on the availability of these publications may be obtained from: 

SCIENTIFIC AND TECHNICAL INFORMATION OFFICE 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

Washington^ D.C. 20546 


TECHNICAL TRANSLATIONS: Information 
published in a foreign language considered 
to merit NASA distribution in English. 

SPECIAL PUBLICATIONS: Information 
derived from or of value to NASA activities. 
Publications include conference proceedings, 
monographs, data compilations, handbooks, 
sourcebooks, and special bibliographies. 

TECHNOLOGY UTILIZATION 
PUBLICATIONS: Information on technology 
used by NASA that may be of particular 
interest in commercial and other non-aerospace 
applications. Publications include Tech Briefs, 
Technology Utilization Reports and 
Technology Surveys. 



